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IOA.2 HURRICANE DIRECTIONAL WAVE SPECTRUM SPATIAL VARIATION AT LANDFALL
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On 24 August 1998, the NASNGoddard Space Flight
Center Scanning Radar Altimeter (SRA) provided the first
documentation of the sea surface direcllonaJ wave
spectrum In ell quadrants of a hurricane in open water
when Bonnie, a large Category 3 hurricane, was 400 km
east of Abaco Island, Bahamas, and moving slowly north
[Wright et el,, 2000|. Welsh et el., (1996, t 989, 1985) give
other wave spectra examples and describe procedures for
transforming the wave topography measured by the SRA
end its predecessor, the Surface Conlour Radar (SCR),
into directional wave spectra.

The SRA flew inlo Bonnie a second time aboard one
of the NOAA WP-3D hurricane research aircraft on 26

August 1998, when Bonnie was making landfall near
Wilmington, NC. The NOAA aircraft w_s at 2.2 km height
as the SRA documented the see surface directional wave
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spectrum in the region between Charleston, SC and Cape
Hatteras, NC.

One of the flight segments on 26 Auguel Is shown in
lhe bottom panel of Figure 1, The NOAh, alrcrett was
initially heeding west and crossed Cape Lookout, NC. It
then flew along the shore briefly before heading
southwest toward the eye, which was south of Cape Fear,
NC. The eye is represented by the large circle at about
33.6°N, 78_W, The smaller circles Indicate the centers of
data spans used to produce directional wave spectra.
Radials extend from them in the downwind direction with

tenglh proportional to the wind speed et the aircraft
altitude. A wind speed of 50 nVs corresponds to e length
of 0.2 ° of latitude. The surface wind speed would be lower
by about a factor of 0,8.

The five directional wave spectra generated from SPA
wave topography segments centered on poslllons A

through E (solid circles) are shown at the top of Pigure 1.
The same contour levels are used on all five Spectra. The
maximum number Of contours is nine, Ilneady distributed
between 10% and 90% of the peak spectral density
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observed, which occurred In spectrum D. The 50%
contour is thicker. The three solid circles Indicate

wavelengths of 100, 200. and 300 m. The three dashed
circles indicate wavelengths of 150, 250, end 350 m.
These five spectra represent waves of about 150 m
wavelength propagating toward the northwest. The arrow
superimposed on each spectrum points in the downwind
direction and Its length Is proportional to the wind speed
at the airuraft altitude. A speed of 50 rn/s corresponds to

*Corresponding author: Edward J. Welsh, NASNGSFC
on assignment at WETL6, NOAA Environmental
Technology Laboratory, Boulder, Colorado 80303-3328

33.8--

33.8- _
-

78.0 . T7.0 7 .5

Figure 1, SRA speclre end positions relative tO NC shore.
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Entire flight pattern on 26 August 1998 and a

a length of 0.05 red/re.
When the spectrum closest Io shore (A) is compared to

the spectra in the deeper water (D, E). the SWH is about
1 m lower, the dominant wavelength is about 20 m shoder
and the direction of propagation is about 10 ° more
northerly. Directional wave spectrum information from the
SRA would provide a valuable Input In refining beach
erosion models when combined with measurements of the

erosion determined from shoreline topography measured
before and after the event (Sallenger el al., 1999).

Figure 2 shows the entire flight pattern and SPA

surface Iopography when the NOAA aircraft was traveling
southwest along the North Carotlna beach toward Cape
Lookout. The Image shOWS the waves approaching the
beach as well as the dunes and other shore topography
features. The SRA measured wave topography from
more than 200 km offshore right into the surf zone.
allowing a complete study of wave field evolution.
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